Introduction
Wood as a natural organic material is susceptible to biodeterioration by insects, fungi, and bacteria. There is almost no wooden artefact or old wooden element, which is not infected and not damaged, at least partly, by wood-destroying organisms. As ancient wood and wooden artefacts are invaluable, their appropriate restoration is of particular importance. The first step in restoration is the detection and quantification of wood pests and decay and accordingly, under certain conditions, the disinfestation of ancient wood and old wooden artefacts could be needed.
Besides disinfestation prior to restoration, sterilization of wood is applied for testing the resistance of wood and wooden products against wood-destroying organisms. For both purposes, restoration and resistance testing, gamma radiation is considered as a suitable decontamination method.
The treatment time depends on the power of the irradiation source, and there is no significant difference if the wood was irradiated with a weaker source for a longer time or with a stronger source for a shorter time (Unger et al., 2001; Hasan, 2006 mentioned Ražem, 2005 . The important quantity is the absorbed dose (the amount of absorbed energy per mass unit) which irradiated substance receives (Fairand and Ražem, 2010) . On the contrary Curling and Winandy (2008) reported that dose rate and total dose of gamma radiation differently affect both, bending strength and some chemical components in tested wood.
Other applications of gamma radiation to wood
One of the interesting areas of application of gamma rays and X-rays is in non-destructive analysis of density and water content and their distribution in solid wood, and the woodbased materials, i.e. wood panels (Davis et al. 1993, Lu and Lam, 1999) . Karsulovič et al. (2002) used gamma irradiation in their studies for non-destructive detection of decay and other defects in logs. In this way, the quality of the timber can be to some extent predicted prior to mechanical processing. Because of extremely high energy of gamma radiation, it penetrates through the entire cross section of wood. Consequently, gamma rays can be used as a catalyst for polymerization of monomers in monomer-impregnated wood as well as for chemical modification of wood to create wood-plastic composites -WPC (Chawla, 1985; Sheikh and Afshar Taromi, 1993; Bakraji et al. 2001; Bakraji et al., 2002) . Struszczyk et al. (2004) mentioned three possible uses of gamma radiation: a. as pre-treatment in the chemical modification of cellulose; b. as the initiator of the catalytic polymerization of monomers in the cellulose chain and c. as pre-treatment for further chemical processing of cellulose in order to improve its solubility.
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Klimentov and Bysotskaia (1979); Chawla (1985) and Šimkovic et al. (1991) reported that gamma irradiation as a pre-treatment for the "softening" of wood prior to chemical processing, can significantly reduce the use of chemicals. Oldham et al. (1990) used gamma radiographic technique for analysing wood destruction by fire. They determined the efficiency of fire retardants by measuring the difference in absorbed gamma radiation energy in wood protected by these retardants before and after burning the wood. Bogner (1993) and Bogner et al. (1997) used different surface activators in order to achieve greater adhesion of adhesives to wood. Among other used activators, gamma radiation at different doses was also used. The results show that after treatment of wood by gamma radiation in doses range of 0 and 100 kGy, glue improves adhesion to wood and thus increases the strength of glued bonds. The first investigations of the influence of gamma radiation on lignocellulose materials, in terms of increasing the solubility of insoluble high-polymerized sugars such as cellulose, were performed by Klimentov and Bysotskaia (1979) and Klimentov et al. (1981) .
The influence of gamma radiation on wood
Sterilisation by gamma radiation is very easy, fast and effective, but at doses higher than disinfestation doses it changes the molecular structures not only in wood decaying organisms but also in wood cell walls. Although Severiano et al. (2010) reported no influence of gamma radiation on some wood physical, thermal and mechanical properties in the radiation dose range between 25 and 100 kGy, the majority of other studies reported significant influence of gamma radiation on wood properties.
Chemical properties of gamma irradiated wood
The random break-up of cellulose chains in gamma irradiated wood is a typical reaction (Seaman et al., 1952; Kenaga and Cowling, 1959) . Seifert (1964) , Tabirih et al. (1977) and Cutter et al. (1980) found that the holocellulose portion of cell walls was degraded by gamma irradiation. After exposure of cypress wood (Pseudotsuga mensziessi) and tulipwood (Liriodendron tulipifera) to gamma rays, Lhoneaux et al. (1984) confirmed the occurrence of ultra structural changes in the cell walls of tested wood species. Following the above research results, Fengel and Wegener (1989) reported that gamma irradiation changes the anatomical and chemical structure of wood, but also the physical and mechanical properties. Seifert (1964) also found that small doses of gamma radiation lead to a destruction of hemicelluloses' pentose creating new compounds and new chemical bonds. Chawla (1985) reported that up to the dose of 500 kGy the increase of wood solubility occurs primarily because of hemicelluloses depolymerisation and destruction. The influence of gamma radiation was also investigated on compounds of cellulose-acetate and cellulose nitrate (Fadel and Kasim, 1977; Zamani et al., 1981; Subrahmanyam et al., 1998) . They came to the conclusion that also modified cellulose chains broke up. Seifert (1964) came to the conclusion that, an average increase of 25 kGy of gamma radiation caused a loss of 1 % cellulose in the dose range of 0 -1 MGy. This proportional loss in cellulose crystallinity with increasing radiation dose was confirmed by Zamani et al. (1981) in a narrower interval of doses from 0 to 0.5 MGy. Fedel and Kasim (1977) successfully used cellulose-acetate as an indicator of the amount of absorbed energy of gamma irradiated objects, which reaffirms the proportionality between the reduction of cellulose crystallinity and gamma radiation dose.
Summary of data collected from the literature on chemical changes of wood caused by gamma radiation are presented in Table 1 and in Figure 1 . Fig. 1 . Different ranges of polymerisation degree (DP) of cellulose depending on gamma radiation dose (according to Struszczyk et al. (2004) ). Seifert (1964) found an increasing amount of free radicals in wood after gamma radiation, which could be effective after irradiation for wood modification in terms of their repolymerisation. Fengel and Wegener (1989) and Tišler and Medved (1997) discussed that the cellulose chains continue breaking down during 100 days after finishing the gamma treatment. Curling and Winandy (2008) gamma irradiated southern pine sapwood specimens (Pinus spp.) at a range of nine total irradiation doses (from a 60 Co source) applied at two different dose rates: 8.5 kGy/h (total doses of 15.0, 25.0, and 50.0 kGy) and 16.9 kGy/h (total doses of 15.0, 20.0, 25.0, 37.5, 50.0 and 75.0 kGy). Gamma radiation at higher (16.9 kGy/h) dose rate clearly had more negative effect on Mason lignin levels than did either the steam sterilization or gamma radiation at lower (8.5 kGy/h) dose rate. Gamma radiation at the 16.9 kGy/h dose rate reduced Klason lignin content from 29.5 % to 28.1 and to 27.5 %, but seemed to have little on-going effect related to dose accumulation. They also found that galactans, which are side-chain constituents of the hemicelluloses, are affected sooner and to a greater extent than xylans or mannans that represent the primary backbone of the hemicellulose polymers. Furthermore arabinan was probably unaffected by various radiation regimes. The authors suspected that the -(13) linkage of the arabinan-xylan bond was less affected by radiation than the -(16) linkage of the galactan-mannan bond.
Characteristics

Total amount of water-soluble carbohydrates, (TSC)
Hasan (2006) and Despot et al. (2007; measured the total amount of water-soluble carbohydrates (TSC) according to Rapp et al. (2003) . They used the following procedure: Five oven-dried specimens of each group were milled together for 60 s in a heavy vibratory disc mill (Herzog Maschinenfabrik, Osnabrück, Germany). 400 mg of wood powder were mixed up with one drop of detergent and 20 ml distilled water in 50 ml flasks. Afterwards, the flasks were shaken at 20 ºC for 60 min with a vibration of 120 min -1 and filtered through glass filter paper. The filtrates were diluted with distilled water in proportion 1:5.
The reagent for optical spectrophotometry was prepared by dissolving 2 g of dihydroxytoluol (Orcin) in 1l of 97 % sulphuric acid. For analysing the carbohydrate content 1 ml of dilution was mixed with 2 ml reagent in a test-tube and heated for 15 min at 100 ºC in a Thermo-block (Merck TR205). After cooling to room temperature, the dilution was analysed at 540 nm with a Merck SQ 115 filter-photometer. The TSC was calculated after calibration with a glucose standard between 20 and 200 ppm leading to extinction between 0.12 and 1.32.
Hasan (2006) and Despot et al. (2007; found a strong influence of gamma irradiation on TSC. As gamma radiation causes destruction of cellulose chains and the resulting smaller cellulose fragments are easily soluble, increasing of TSC with increasing radiation dose was expected. They found no significant influence of time after gamma treatment on TSC (Figures 2 and 3 ).
The sensitiveness of the TSC content to reveal changes in the carbohydrate structure of wooden materials was shown in earlier studies with thermally modified timber (TMT) where TSC was significantly reduced with ascending heat treatment temperature and increasing heat-induced loss of mass (Welzbacher et al., 2004; . Thus, the extraction of soluble carbohydrates appeared to be a sensitive method to display degradation of carbohydrates (Hasan, 2006; Despot et al., 2007; and is therefore also considered as a suitable tool to characterize the treatment intensity of gamma radiation.
According to Fengel and Wegener (1989) and Tišler and Medved (1997) , the highest TSC should be observed 150 days after gamma radiation. In contrast to mass loss by leaching, TSC did not decrease over time. Accordingly, the radical recombination is probably limited to higher mol mass fragments but not to lower fragments, which appear as TSC.
www.intechopen.com -minimum/maximum x mean value ± s ▒ ± 95% confidence interval After leaching, irradiated specimens still had significantly greater TSC than non-irradiated and non-leached controls. The TSC relative to the controls (TSC r ) was calculated for each radiation dose as a ratio of mean TSC of gamma irradiated specimens and the mean TSC of non-irradiated and non-leached controls. TSC r of non-leached and leached specimens showed linear correlation with the radiation dose ( Figure 3 ). Non-leached Leached Fig. 3 . Correlation between total amount of water-soluble carbohydrates relative to controls (TSC r ) and gamma radiation dose (G) for non-leached and leached specimens (Despot et al., 2007) .
All these studies lead to the conclusion that due to breaking the chains of cellulose in wood cell wall, there must be some changes in physical and mechanical properties of gammairradiated wood. These changes should mostly influence the hygroscopicity (Fengel and Wegener, 1989) and tension strength of gamma-irradiated wood, because it becomes more brittle (Divos and Bejo, 2005) . Furthermore, gamma irradiated wood is more susceptible to chemical and enzymatic degradation (Seifert, 1964; Klimentov and Bysotskaia, 1979; Klimentov et al., 1981; Ardica et al., 1984; Šimkovic et al., 1991; Magaudda et al., 2001; Struszczyk et al., 2004; Despot et al., 2006; Hasan, 2006 and Hasan et al., 2006a; .
Physical properties of gamma irradiated wood
Gamma radiation lead to significant colour changes of wood. With increasing radiation dose the darkening of the specimens increased as can be seen from Figure 4 . Fig. 4 . Colour change of specimens used for mass loss determination, 3AA -control group, 3AB -group irradiated with 30 kGy, 3AC -group irradiated with 90 kGy and 3AD -group of specimens irradiated with 150 kGy.
Decrease in mass caused by gamma irradiation
On the question whether there is any loss of mass or density of the wood due to gamma radiation, Loos (1962) in his studies noted no significant changes in the density of wood. Seifert (1964) stated the possibility of negligible loss of CO 2 from wood due to radiation induced chemical reactions. However, wood irradiated in the presence of air might absorb atmospheric nitrogen in small quantities (Seifert, 1964) . Tsutomu et al. (1977) reported on a a very small effect of gamma radiation on specific gravity of wood and cellulose. Curling and Winandy (2008) reported that density of southern pine sapwood stayed unchanged by any tested level of irradiation dose or dose rate of gamma radiation. Hasan (2006) and Despot et al. (2007) measured oven dry mass of Scots pine (Pinus sylvestris) specimens. They determined no statistically significant changes in mass before and after irradiation at a confidence interval of 95 % although specimens were gamma irradiated in plastic bags with the presence of air ( Figure 5 ). 
Decrease in mass by leaching, (dm)
Leaching in water of Scots pine sapwood specimens caused a significant decrease in mass (dm). A strong linear correlation was found between gamma radiation doses (G) and dm (Despot et al., 2007; Figure 6 ). chains and the solubility of smaller cellulose fragments in water (Seifert, 1964; Tabirih et al., 1977; Šimkovic et al., 1991) . Despot et al. (2007) reported that for 10 days after gamma treatment dm was significantly higher than after 150 days for each applied dose (Table 2 ). This finding is in contrast to the results of Fengel and Wegener (1989) and Tišler and Medved (1997) , but it can easily be explained by repolymerisation reactions between the free radicals caused by irradiation (Seifert, 1964; Bogner et al., 1997) . Table 2 . Results of statistical analysis on differences of decrease in mass (dm) by leaching between non-irradiated controls and with different doses irradiated specimens 10 and 150 days after the gamma treatment for 95 % confidence interval; n=15; (+ significant, ++ high significant, +++ highest significant).
Maximum swelling, (α MAX )
Panshin and de Zeeuw (1980) stated that the arrangement of the cellulose crystals in microfibrils can be observed by the existence of amorphous zones along the microfibril length, in which the crystallinity is interrupted. These zones allow the penetration of chemicals into the microfibrils. Furthermore, the gamma radiation caused break-up of cellulose to shorter chains, which are water-soluble, and it most likely leads to an "opening of additional microcracks", in which water molecules can easily penetrate. Consequently it is to expect that gamma irradiated wood swells faster but also more than non-irradiated wood. Results by Hasan (2006) , Hasan et al. (2006b) and by Despot et al. (2007; showed no significant influence of radiation dose on maximum swelling, neither in radial ( R MAX ) nor in tangential ( T MAX ) direction (Figure 7 ). Leached irradiated wood showed significantly higher R MAX compared to non-leached wood. With increasing radiation dose the difference in R MAX between leached and non-leached specimens became more significant (Despot et al., 2007) . Obviously, cellulose chains and lignin (Curling and Winandy, 2008) were affected by gamma radiation and the "plywood effect" of the wood rays has been reduced and R MAX increased. In contrast, T MAX of leached irradiated wood significantly decreased. It can be explained by the decreasing of tangential vessel wall thickness, ray cell double-wall thickness and latewood fibre double-wall thickness, as described by Tabirih et al. (1977) and Cutter et al. (1980) . Despot et al. (2007; found no significant influence of time after gamma radiation on MAX .
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Maximum moisture content (MC MAX )
Maximum moisture content, (MC MAX ) of each irradiated group of specimens was equal or higher than the MC of controls (Hasan, 2006; Hasan et al., 2008) . It is well known, that glucose and other simple sugars make wood considerably more hygroscopic (Fengel and Wegener, 1989) . No significant influence of gamma radiation dose on MC MAX was found (Figure 8 ). Radiation dose did not have significant influence on maximum MC, the same as 
MAX[%]
www.intechopen.com
Changes in Selected Properties of Wood Caused by Gamma Radiation 291
on maximum swelling (Despot et al., 2007) . It is probable that specimens irradiated with higher radiation dose reaches faster the MC MAX .
Mechanical properties of gamma irradiated wood
Loos (1962), Ifju (1964) , Shuler et al. (1975) , El-Osta et al. (1985) , Hasan (2006) , Hasan et al. (2006b) and Despot et al. (2007; verified that gamma-radiation-induced depolymerisation causes a significant decrease in wood strength. Curling and Winandy (2008) reported that dose rate and total dose of gamma radiation differently affected bending strength of pine wood (Pinus sp.). They found that cumulative duration of radiation exposure period appeared to be more critical than total dose in determining overall strength loss. When total gamma radiation dose was directly compared at or near the critical doses required to achieve sterilization, shorter exposures using higher dose rates affected strength less than longer exposures using lower dose rates (Curling and Winandy, 2008) . Loos (1962) comes to 1 kGy as a threshold -wood toughness had a tendency of linear increase, followed by a progressive decrease. Gamma radiation depolymerised wood had significantly reduced tensile strength, although early wood showed an initial increase in tensile strength (Ifju, 1964) . Tsutomu et al. (1977) reported on considerable decrease in strength of wood with increasing irradiation dosage, depending remarkably on loading modes. Testing the tensile and compression strengths parallel to the grain of gamma-irradiated wood, El-Osta et al. (1985) have found a slight increase in tensile and compression strength till the dose of 1.4 kGy. Increasing the gamma radiation dose, tensile and compression strengths constantly decreased. Decrease in tensile strength was more pronounced than that in compression strength. Researching dynamic modulus of elasticity of spruce wood (Picea sp.) Shuler (1971) noted the increase of the modulus in the range of radiation doses from 0 to 1 kGy while further increase of radiation dose decreased dynamic modulus of elasticity. Shuler et al. (1975) measured bending strength of American elm (Ulmus americana), which was exposed to gamma radiation during growth. The results showed that small doses of radiation up to 0.22 kGy increased bending strength on average by 30 %, and further increase in dose lead to a continuous and significant decrease of bending strength. Measuring the bending strength, Shuler et al. (1975) noted the increase of the modulus of elasticity in the range of radiation doses from 0 to 0.22 kGy while further increase of radiation dose lead to the decrease of the modulus of elasticity and decrease of the proportionality limit. Csupor et al. (2000) irradiated wood in the range of 2 -1400 kGy and concluded that a dose of 12 kGy was sufficient for wood sterilization while modulus of elasticity at this dose was not significantly reduced (0.2 %). Tests have also shown that an initially higher modulus of elasticity decreased more rapidly with increasing radiation dose. Divos and Bejo (2005) reported on a steady and a continuous decrease of modulus of elasticity (MOE) for all tested wood species in the range of gamma radiation dose from 130 to 770 kGy. Results also showed a difference in the intensity decrease of MOE between the wood species, and wood density had significant influence on decrease intensity of the MOE. Lower densities resulted in faster decrease in MOE. Interpolating the obtained data Divos and Bejo (2005) concluded that the dose sufficient for wood sterilization not significantly decreased MOE. In the graphs (Figure 9 ) an inversely proportional correlation between the gamma radiation dose and dynamic MOE was visible with high degrees of determination. 
Structural integrity of gamma irradiated wood
The High-energy multiple impact (HEMI) test has been developed to characterise the effect of thermal and chemical modification procedures as well as fungal and bacterial decay on the structural integrity of wood. The development and optimization of the HEMI-test have been described by Brischke et al. (2006a) . In studies on the effect of gamma radiation onto structural integrity of gamma irradiated wood (Hasan, 2006; Hasan et al., 2006b; Despot et al., 2007; the following procedure was applied:
Five of ten specimens were placed in the bowl (140 mm inner diameter) of a heavy vibratory impact ball mill, together with one steel ball of 35 mm Ø, 3 of 12 mm Ø, and 3 of 6 mm Ø. The bowl was shaken for 60 s at a rotary frequency of 23.3 s -1 and a stroke of 12 mm. This crushing procedure was repeated on another five specimens ( Figure 10 ). The fragments of the ten specimens were fractionated with slit screens on an orbital movement shaker (amplitude: 25 mm, rotary frequency: 250 min -1 , duration: 10 min). www.intechopen.com
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The following five fractions were separated and weighed: Fraction 1 (F1, > 5 mm), Fraction 2 (F2, 3-5 mm), Fraction 3 (F3, 2-3 mm), Fraction 4 (F4, 1-2 mm) and Fraction 5 (F5, < 1 mm).
The following values were calculated:
The degree of integrity I, which is the ratio of the mass of the 10 biggest fragments to the mass of all fractions m all after crushing:
The fine fraction F5 is the ratio of the mass of fraction 5 (<1 mm) to the mass of all fractions m all multiplied by 100. Finally, the resistance to impact milling (RIM) was calculated from I and F5 as follows:
Resistance to impact milling (RIM)
The resistance to impact milling (RIM) decreased significantly with increasing radiation dose. Time after gamma treatment had no significant influence on RIM neither of nonleached nor of leached specimens (Despot et al. 2007 ; Figure 11 ). Fig. 11 . Resistance to impact milling (RIM) of leached and non-leached specimens for different gamma doses (G) and different periods after gamma treatment (n = 3 × 10 specimens). Despot et al. (2007) and Hasan et al. (2006b) found linear dependence between RIM and G for both, non-leached and leached specimens. The elapsed time after gamma radiation did not influence the linear correlation between RIM and G (Table 3) . Table 3 . Fitting curve equations for the relationship between RIM and G for non-leached and leached specimens at different periods after gamma treatment. Despot et al. (2007) and Hasan et al. (2006b) calculated RIM relative to the controls (RIM r ) for non-leached and leached specimens as the ratio between mean RIM of gamma treated specimens and mean RIM of non-leached controls. RIM r linearly depends on the radiation dose and decreases stronger for leached wood than for non-leached wood. Maximum reduction in RIM was 12 % at the highest gamma dose (Figure 12 ). Fig. 12 . Correlation between RIM relative to the controls (RIM r ) of non-leached and leached specimens and gamma radiation dose (Despot et al. 2007 ). Brischke et al. (2006a) , Rapp et al. (2006) , and Welzbacher et al. (2006) described the sensitive HEMI test, which is able to reveal fine changes in "dynamic strength properties" (increased brittleness). This has been confirmed for thermally and chemically modified timber (Welzbacher et al. , 2011 Brischke et al. 2012) as well as for differently degraded timber, e.g. by different basidiomycetes, soft rot fungi and bacteria Brischke et al., 2009; Huckfeldt et al., 2010) . Also the findings in this research confirmed the suitability of the HEMI test for detecting subtle differences in the mechanical properties of wood. In particular, it is the structural integrity, which affects the Resistance to impact milling RIM, wherefore the results of the HEMI test characterise structural changes on a cellular micro level. In contrast, macroscopic defects, such as cracks and splitting, will not affect the results, because they will be masked through finer fragmentation of the wood samples (Welzbacher et al., 2011) . As a result of various different dynamic loads (impact bending, end grain bending, compression, cleaving, shearing, and buckling) the reduced structural integrity of the wood is reflected by the HEMI test (Welzbacher et al., 2011) . The significant decrease in RIM through gamma radiation is therefore considered to be also attributed to the break-up of cellulose chains (Hasan et al., 2006b; Despot et al., 2007; . This again coincides with the higher sensitivity of the HEMI-test to cellulose break down by brown rot fungi compared to white rot decay . Despot et al. (2006) and Hasan et al. (2006a Hasan et al. ( , 2008 used pine sapwood specimens, one group steam sterilised (at 123 °C for 30 min) and second group of specimens gamma-irradiated in the range of doses of 30, 90 and 150 kGy. Specimens were subject to laboratory decay resistance tests. According to EN 113 (1996) the specimens were incubated in testing flasks with pure cultures of test fungi. They used brown-and white-rot fungi for the study. Mass loss by fungal decay (ML) was determined by weighing the oven-dry specimens before (m 1 ) and after (m 3 ) incubation to the nearest 1 mg and according to equation (3):
Biological durability of gamma irradiated wood
 13 1 100 % mm ML m  (3)
Resistance against decay fungi
As gamma radiation causes break-up of cellulose to shorter chains, which are water-soluble, and that leads to an "opening of additional microcracks", in which water molecules can easily penetrate. Consequently, gamma irradiated wood is also more accessible to enzymes of wood decaying fungi.
Only ten days after incubation, it was clearly visible, that irradiated specimens were more overgrown, than control steam sterilised controls, which indicates a higher susceptibility to biodegradation of gamma irradiated wood compared to non-irradiated wood (Hasan, 2006a; Hasan et al., 2008; Figure 13) . 
Resistance against brown-rot fungi
Visible difference in appearance (irregular shape and darker colour) between irradiated and autoclaved specimen after 16 weeks of exposure to the fungus G. trabeum indicated a significantly higher decay of the irradiated specimens (Hasan, 2006; Hasan et al., 2008) . After 12 and 16 weeks of exposure to the fungus G. trabeum, average ML of irradiated and control specimens was more than 25 %, which proved that the fungus was virulent (EN 113: 1996) . The difference in ML between irradiated and autoclaved specimens was slight and not significant after 4 weeks of incubation, except specimens irradiated with 150 kGy, whose ML was greatest. The difference in ML between controls and specimens irradiated with 30 kGy reached maximum after 8 weeks of incubation, while other two irradiated groups had no significant difference in ML comparing to control. During further incubation time the differences in ML between irradiated and control specimens decreased and after 16 weeks became insignificant (Figure 14) . -minimum/maximum x mean value ± s ± 95% confidence interval
D)
Fig. 14. Mass loss (ML) of autoclaved and irradiated specimens during exposure to fungus Gloeophyllum trabeum: A) 4 weeks incubation; B) 8 weeks incubation; C) 12 weeks incubation; D) 16 weeks incubation; (irradiated specimens n=7; G=0 kGy -autoclaved controls n=21).
Fungus P. placenta causes brown rot with broad and deep cracks. Clearly visible difference in appearance (cracks and irregular shape) between irradiated and autoclaved specimens after 16 weeks of incubation has been shown in Figure 15 . The difference in ML between specimens irradiated with 30 and 90 kGy and autoclaved ones is slight and not significant after 4 weeks of incubation, while specimens irradiated with 150 kGy had significantly greater ML. During further incubation differences in ML between autoclaved and irradiated specimens increased but also between irradiated groups. During the all incubation period ML increased with radiation dose. Since P. placenta was more virulent and more aggressive fungus compared to G. trabeum, the obtained results are logical (Figure 16 ). 
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Resistance against white-rot fungi
Considering the patterns and mechanisms of decay of white-rot fungi, in the beginning of decay they utilise simple carbohydrates -the ones incurred by gamma radiation. During further incubation, white rot fungi mainly utilise lignin, and they use radical mechanisms to degrade lignin. Broken (somehow modified) lignin accompanied with radicals incurred in wood by gamma radiation could negatively interfere with these decay patterns. Therefore no significant difference in ML caused by white-rot fungi between autoclaved and irradiated specimens was determined (Despot et al., 2006; Hasan et al. 2006a) .
In contrary to white rot, brown rot decay mechanisms, particularly decay mechanism of P. placenta, are less radical dependent, higher radiation doses do not influence the decay patterns of this brown rot fungus. In contrast, higher irradiation resulted in higher degree of depolymerisation, what makes wood significantly more susceptible to dacay (Despot et al. 2006 (Despot et al. , 2007 Figure 17) . However, it has to be taken into consideration that depolymerisation of wood components by gamma irradiation is one aspect that could explain differences in changed "natural" durability of pine wood and needs to be considered for wood durability testing.
Summary
Gamma radiation at a level of 30 to 150 kGy causes irreversible and permanent changes in chemical and mechanical properties of wood. Using the HEMI test method it was possible to detect small but significant changes in structural integrity and brittleness of wood caused by gamma radiation. With increasing radiation dose the total amount of water-soluble sugars increased linearly, while the maximum swelling seems to be unchanged.
The method of sterilisation has a considerable influence on the natural durability of pine wood. However, wood sterilisation by gamma radiation has different influence on white rot and brown rot causing fungi. Significantly greater mass loss of gamma irradiated wood than autoclaved wood has been established in the beginning of incubation to whiterot fungi. During further incubation, the differences diminished. In contrast, higher irradiation resulted in higher degree of cellulose depolymerisation, what makes wood significantly more susceptible to biodegradation by brown-rot fungi. Degradation of gamma-irradiated wood is greater and faster due to easier accessibility of simpler carbohydrates to fungi.
